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@ Epoxy resin composition. 

(g) A thermosettabte composition useful tor electrical lami- 
nates is provided, comprisbg a tetrafunctlonal epoxy resin, a 
phenol novolac curing agent, a urea catalyst, a di- or 
tri-functional halogenated epoxy resin and a halogenated 
bisptienol. The composition is soluble in ketone solvents and, in 
solution, can be used to make laminatable prepregs. The 
composition has a high glass transition temperature, long pot 
life and good flame retardancy. 
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EPOXY RESIN COMPOSITION 



The invention relates to curable epoxy resin 
compositions which are particularly suitable for 
electrical laminate applications. For laminating pur- 5 
poses, the resin system should not be subject to 
exotherming at high temperatures. The cured lami- 
nate resin must have a high glass transition 
temperature to withstand high operating tempera- 
tures sustained by some circuit boards. It must have 10 
a low thermal coefficient of expansion to ensure 
dimensional stability of the circuit board under 
operating temperatures. It is also desirable, for 
high-performance applications, that the laminate has 
flame-retardant properties. 15 

According to the invention these crfteria are met 
by compositions comprising 

(a) an epoxy resin having an average function- 
ality of from 3 to 6; 

(b) a curing amount of a resordnol novolac 20 
resin; 

(c) a catalytic amount of a urea compound 
described by the formula 



in which R is an aromatic or aliphatic moiety and 
each R' Is selected Independently from Ci-Ceo 
£ilkyl and aromatic; 

(d) a halogenated epoxy resin having an 
average functionality of from 2 to 3 ; 

(e) a halogenated bIsphenoL 

The epoxy resin having a functionality of from 3 to 
6, preferably from 3JS to 4^ is most suitably a 
polyglycidyl ether of a multrfunctionai phenol having 
an epoxide equivalent weight of from 85 to 300. 
Preferable multifunctioried epoxy resins are tetra- 
functlonal polyglycidyl ethers of tetrakis(hydroxy- 
phenyQethane with an epoxide equivalent weight of 
from 210 to 240. These are available commercially as 
EPIKOTE 1031. The epoxy resin component (a) wiH 
generally be present in the composition in an 
amount of from 20 to 60 weight per cent (o/ow), 
preferably from 30 to 50 <ViDW, based on the weight of 
total composition. 

Component (d) is suitably a polyglycidyl ether of a 
tetrahaloblsphenol-A, preferably tetrabromobisphe- 
nol-A or a mbcture of tetrabromoblsphenol-A and 
bisphenol-A; the epoxide equivalent will generally be 
from 350 to 600, preferably from 370 to 430. 
Component (d) win generally be present in the 
composition In an amount effective to bring the total 
halogen content from 10 to 20 <yow, based on the 
weight of total composition of this invention. 

Component (e) is preferably tetrabromobisphe- 
nol-A. This component is present in an amount of up 
to 30 0/ow, preferably 2 to 10<>/dw, based on the 
weight of total composition of this Invention. 

The resorcinol novolac curing resin (b) is selected 
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from resinous materials prepared by reacting resor- 
cinol with formaldehyde in acid solution. The 
preferred resins are those iiaving a weight per 
phenolic group of from 55 to 200, preferably from 60 
to 110, and more than 2^ phenolic hydroxyl groups 
per molecule. Such resorcinol novolacs are available 
commercially under the tradename Penacolfte® from 
Koppers. Component (b) will be present in the 
composition in an amount effective to cure the 
epoxy resin system, generally from 10 to 50 o/ow. 
preferably from 20 to 30 <Vbw. based on the weight of 
total composition of the invention. The ratio of total 
epoxy equivalents to total resorcinolic hydroxyl 
equivalents may vary in between 0.2:1 and 2:1. 

Suitable urea catalysts forming component (c) 
include those described by the formula 



where R and R' are hydrogen or substituted or 
unsubstituted hydrocarfoyl. Preferably. R is C1-C20 
aliphatic or aromatic hydrocarfoyl. including methyl, 
ethyl, propyl, benzyl, tolyl. and the like, and each R' is 
selected independently from Ci-Ce alkyi and cycloal- 
kyl. Examples of such urea-based compounds 
Include urea, butylurea, N-(p-chlorophenyl)-N',N'-di- 
methylurea, and phenylurea. Suitable urea-based 
catalysts also include polyureas such as the reaction 
product of a polyaryt polyisocyanate with a dialkyi 
amine. The presently preferred urea catalyst is 
N-phenyl-N',N'HJimethylurea, which is commercially 
available as Rkure 62-U. The urea catalyst can be 
present in the composition in any amount effective 
to accelerate the cure of the epoxy resin compo- 
nents. Generally, the urea catalyst component will i^ 
present In the composition in an amount within the 
range of from 0.1 to 5 %w, preferably from 0.8 to 
1.5 QA)w based on the weight of total composition of 
the invention. 

The novel composition can further contain a 
crossilnkable monomer, preferably a vinyl aromatic 
monomer. Preferred examples of suitable crosslink- 
able monomers include styrene, divinytbenzene, 
ethylvinylbenzene. trimethylolpropane and trimeth- 
acrylate. The amount of the crossilnkable monomer 
present In the composition may vary widely depend- 
ing upon the properties de^red in the final composi- 
tion, but will generally range in between 0 and 
70 <Vbw, preferably about 5 to 20 o/bw, based on the 
weight of the epoxy resin component (a). 

The invention composition can, for applications 
such as prepregging. include an organic solvent 
present in an amount effective to decrease the 
viscosity of the system for easier processing. Polar 
organic solvents such as ketones, alcohols and 
glycol ethers, for example, are suitable. The 
prefen-ed solvents are ketones such as acetone, 
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methyl ethyl ketone and methyl Isobutyl ketone. An 
advantage of the invention composition is that it is 
soluble in ketone solvents and does not require 
more toxic organic solvents for lowering viscosity to 
the desired prepregging levels. The proportion of 5 
solid components in the composition will vary widely, 
but for prepregging applications the solvent will 
generally constitute at least about 10 weight per cent 
of the entire composition, preferably about 20 to 
about 60 weight per cent. iq 

The 'varnish', or prepregging composition includ- 
ing the resin and curing agent in the chosen solvent, 
is prepared by combining the solid components, 
with mixing, in the solvent. For a stable varnish, it has 
been found preferable to follow a mixing procedure 15 
in which the phenolic-based components are first 
added to the solvent, the urea catalyst is then added, 
and finally the epoxy components are added to the 
solvent with mixing. An advantage of the present 
system is that the components can be mixed into a 20 
stable solution at room temperature, although 
heating can be used for faster dissolution of the 
solid components in the solvent. A solution prepared 
in this manner has room temperature stability up to 8 
months, which Is a significant advantage for the ^ 
invention system, which can be pre-formulated. 
stored and shipped to the site of prepregging rather 
than requiring formulation at the site of prepregging, 
which is often inconvenient or not feasible. 

For preparation of reinforced laminates from the 30 
varnish, a substrate, of glass, carbon, quartz, 
polyaramide. polyester or like materials, in chopped, 
mat or woven form, is first impregnated with the 
varnish. A prepreg is formed by heating the 
impregnated substrate In a press or autoclave at a 35 
temperature sufficient to remove the solvent and to 
partially cure without gelation, the composition of 
the invention, generally 40 to 180 **C, preferably 
150 to 175 **C, for a time of up to 10 minutes, 
preferably 0.5 to 2 minutes. The prepreg prepared 40 
from the Invention system is stable at room 
temperature for at least six months after the 
prepregging process. A laminate Is fabricated from 
one or more prepregs by subjecting a set of layered 
prepregs to conditions effective to cure the epoxy 45 
resins and to integrate the prepregs into a laminate. 
The laminate can optionally include one or two outer 
layers of a conducth/e materials such as copper. 
Such conditions generally include a time of from 1 
to 4 hours, preferably from 0.5 to 2 hours, at a 50 
temperature of from 160 ''C to 300 **C. The 
composition can also include further optional consti- 
tuents such as inorganic fillers and colouring agents. 

EXAMPLE 

A solution of 12 Vow (based on total weight of the 
composition of the invention) Penacollte B19S (a 
condensate of resorcinol. formaldelryde and mixed 
di- and. tri-hydroxyphenyls), 5 o/ow tetrabromobis- 
phenol-A and 0.01 o^w N-phenyl-N'.N'-dimethylurea 
curing agent in a solution blend of 19 0/ow methyl 
n-amyl ketone and 1 1 o/ow methyl isobutyl ketone 
was prepared by stirring the constituents together at 
about 70 *C. 38 o/ow of EPIKOTE 1031 and 16 <Vbw of 
the digiycidyl ether of tetrabromobisphenol-A were 
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added with stirring. The resulting composition, which 
had a solids content of 59 o/ow. had a viscosity of 
1.40 poise. 

A prepreg was prepared by impregnating a 
fiberglass mat with the above epoxy system in 
approximately a 1 :1 weight ratio of varnish to glass. 
The impregnated glass was heated in a hot-air 
convection oven at 163 ** C for about 4.5 minutes. 

An 8-pIy laminate was then prepared from 8 
prepregs cured in a press at 200 **C and 200 psi for 
60 minutes. The laminate had the properties shown 
in the Table. 

TABLE 

i-aminate Properties 

Normal Thickness. In. 0.052 

Flexural Strength. 23 *'C. 0.07 kg/cm2 62.000 

Rexural Modulus. 23 0.07 kg/cm^ 2,771.200 

Peel Strength. 23 **C. Copper 8.0 

Before and After Thermal Stress, 0.5 kg/25 mm 

Dielectric Constant. 23 ^'C. D-24/23 4.05 

Dissipation Factor, 23 **C, D-24/23 0.014 

Dielectric Strength, 23 •C. Volts/iy4il 800 

Volume Resistivity, ohms at 600 Volts 3.0 x 10^6 

Surface Resistivity, ohms at 500 Volts 1.1 x lO^Q 
Flammability. UL-94 V-0 
Tg by DSC. ^C 235 



Claims 



1. A composition comprising: 

(a) an epoxy resin having an average 
functionality of from 3 to 6; 

(b) a curing amount of a resorcinol 
novolac resin; 

(c) a catalytic amount of a urea com- 
pound described by the formula 



i-nh-c-n;;[^ 



In which R Is an aromatic or aliphatic 
moiety and each R' is selected independ- 
ently from C1-C20 alkyi and aromatic; 

(d) a haiogenated epoxy resin having an 
average functionality of from 2 to 3: 

(e) a haiogenated bisphenol. 

2. The composition of claim 1 in which epoxy 
resin component (a) has an average function- 
ality of from 3.5 to 4.5. 

3. The composition of claim 1 or 2 in which 
the urea compound has the formula 
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R-NH-C-N. 

in which R is aromatic and each R' is selected 
independently from methyl and ethyl. 

4. The composition of claim 1 in which epoxy io 
resin component (a) is a tetrakis(hydroxyphe- 

nyf) ethane. 

5. The composition of any of claims 1-4 in 
which component (d) is a polyglycldyl ether of 
tetrabromobisphenol-A. is 

6. The composition of any one of claims 1 to 5 
which further comprises a vinyl monomer 
selected from styrene, divinylbenzene, ethylvi- 
nylbenzene, and trimethylolpropane trimethac- 
rylate. 20 

7. The composition of any one of claims 1 to 6 
in which component (e) is tetrabromobisphe- 
noi-A- 

8. The composition of any one of claims 1 to 3 

In which epoxy resin component (a) is present 2? 
in the composition in an amount of about 20 to 
about 60 weight per cent, based on the total 
weight of the components. 

9. An electrical laminate comprising the cured 
composition of claim 1 and a fibrous reinforcing 30 
agent 



35 



40 



45 



SO 



55 



60 



65 



4 



0 Publication number 0 230 328 

A3 

© EUROPEAN PATENT APPLICATION 



© Application number: 87200018.7 © int. CI*. C08G 59/62 , C08G 59/68 

@ Date of filing: 07.01.87 



(£) Priority: 21.01.86 US 820780 


© Applicant: SHELL INTERNATIONALE 


@ Date of publication of application: 


RESEARCH MAATSCHAPPU B.V. 


Carel van Bylandtlaan 30 


29.07.87 Bulletin 87/31 


NL-2598 HR Den Haag(NL) 


® Designated Contracting States: 


<§) Inventor: Conway, Michael Francis 


BE CH DE FR GB IT U NL 


7111 Santa Rita Drive 


0 Date of defenred publication of the search report 


Houston Texas 77083(US) 


Inventor: Young, Glenda Carole 


20.07.aa Bulletin 88/29 


7130 Aragon Drive 




Houston Texas 77083(US) 




Inventor: Corley, Larry Steven 




6807 San Pablo Drive 




Houston Texas 77083(US)- 




® Representative: Aalbers, Onno et al 




P.O. Box 302 




NL-2501 CH The Hague(NL) 



® Epoxy resin composition. 



Europaisches Patentamt 
@ European Patent Office 

Office europeen des brevets 



(g) A thermosettable composition useful for elec- 
trical laminates is provided, comprising a tetrafunc- 
tional epoxy resin, a phenol novoiac curing agent, a 
urea catalyst, a di-or tri-functional halogenated epoxy 
resin and a halogenated bisphenol. The composition 
is soluble in ketone solvents and, in solution, can be 
used to make laminatable prepregs. The composi- 
tion has a high glass transition temperature, long pot 
life and good flame retardancy. 
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